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don’t need to be told a reason 
for conserving species, but for 
many people (including those with 
the most money), the case does 
need to be made. Discovering 
and illustrating the remarkable 
cognitive abilities of a species can 
increase its value in conservation 
terms. Gorillas, chimpanzees 
and elephants are all expensive 
to conserve and endangered 
in the wild, and we owe them a 
fair portrayal. An unsentimental 
approach to animal welfare 
also depends on the proper 
understanding of a species’ mental 
capacity. But ‘talking up’ the 
abilities of our favourite species is 
bound to backfire in the end, so 
careful science should never be set 
aside in favour of highly coloured 
simplification.
What do you plan to do next 
in your research? It has made 
good sense for evolutionary 
psychologists to devote special 
attention to our own order, 
the primates, in order to trace 
capacities we share by common 
descent. Recent work in other 
groups, for instance, corvids 
and cetaceans, has shown that 
convergent cases of advanced 
cognitive skill also exist, and these 
point to environmental conditions 
that select for cognitive rather than 
anatomical specialization. But I 
think we have all focused on  
large-brained species too much. 
(My own recent work on the 
African elephant, in collaboration 
with Cynthia Moss’s 35-year 
project in Amboseli, is a case in 
point!) Of course, species have 
large brains for a reason, so 
the results are more likely to be 
exciting, but unless we also study 
cognition in more average species 
it will be impossible to interpret the 
special cases in an evolutionary 
framework. For that reason, I’m 
happy to be collaborating with 
Mike Mendl and Suzanne Held on 
the cognition of domestic pigs, 
and in the future I’d hope to study 
cognition in more modest species 
still, even reptiles and insects. 
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What is meant by 
‘phylogenomics’? I’m afraid it 
depends rather on whom you 
ask: The majority of recent papers 
referring to phylogenomics 
are studies using large sets of 
sequence data of aligned genes 
from genome and expressed 
sequence tag (EST) projects. These 
data are used to infer evolutionary 
trees of relationships between the 
sequences and the organisms 
they are derived from; such trees 
are known as phylogenies. While 
this is my preferred definition, and 
the focus of this article, it must be 
admitted that the earliest published 
mentions of phylogenomics refer 
instead to a mixed bag of analyses 
of genes and genomes within a 
phylogenetic framework. In my 
view, the first definition seems 
to make slightly more sense 
etymologically, while the latter 
might be better described, with a 
nod to ‘evo-devo’, as ‘evolutionary 
genomics’.
What’s the general idea? 
The phylogenomic approach 
makes use of the huge number 
of genes discovered by genome 
projects and by EST-sequencing 
efforts to provide very large sets 
of aligned genes. These large 
datasets address a major problem 
encountered when reconstructing 
phylogenies from sequences of 
nucleotides and amino acids called 
stochastic or sampling error. In 
essentially all gene datasets there 
will be a proportion of nucleotide 
or amino acid positions that are 
misleading due to homoplasies — 
identical substitutions occurring 
convergently in independent 
lineages erroneously suggesting 
common inheritance. The smaller 
the dataset, the greater is the 
chance that — at least for some 
parts of the tree — a greater 
number of misleading, homoplastic 
nucleotides rather than honest, 
informative nucleotides will be 
sampled. The largest  pre-phylogenomic alignments 
consisted of perhaps 10 genes, 
whereas a typical phylogenomic 
alignment nowadays will comprise 
between 50 and several hundred 
genes.
How do you go about it? Given 
the rapidly increasing numbers 
of whole genome sequences and 
collections of ESTs, the problem 
becomes one of bioinformatics.  
The first and trickiest step is to build 
up sets of orthologous genes. This 
is most simply done by identifying a 
reciprocal best match. Starting with 
a gene from a reference species a 
BLAST search is used to identify 
the closest significant match 
from each of the other species of 
interest. Using this closest match to 
perform a reciprocal BLAST search 
against the reference species 
should select the original reference 
gene as top hit — provided the 
two genes are true orthologues, 
i.e. related through speciation, and 
not paralogues, i.e. related by gene 
duplication as well as speciation. 
The second step is then to align 
each set of orthologues and 
concatenate them into a super-
alignment. At this stage, taxa for 
which no orthologue has been 
found are included in the alignment 
as a sequence of question marks 
representing missing data. Finally, 
model-based phylogenetic analyses 
(Maximum Likelihood/­Bayesian) are 
applied to the super-alignment.
Are missing data a problem? 
Often certain genes in the 
alignment will not be found in 
the raw data from all species. 
Fortunately, missing data are not 
positively misleading. That said, 
it is a legitimate and common 
practice to merge genes from 
different members of clearly defined 
monophyletic groups, such as 
species of the genus Drosophila, 
to create a composite taxon, 
Drosophila spp., with fewer missing 
data.
Any other considerations? The 
size of phylogenomic data sets 
makes it possible to discard genes 
or parts of genes with undesirable 
characteristics, such as uneven 
rates of nucleotide or amino acid 
substitution across taxa or strong 
biases in base or amino acid 
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What is dyscalculia? The term 
Dyscalculia — from the Greek ‘dys’ 
and latin ‘calculia’ — means to 
count badly and is used to describe 
people who have difficulties 
with numbers. Compared to 
other learning difficulties, such 
as dyslexia, dyscalculia has 
received little attention, and the 
familiarity of the general public 
with it as a problem is relatively 
low. Dyscalculia usually refers 
to a specific developmental 
problem (hence developmental 
dyscalculia) while a related deficit, 
acalculia — meaning not to (a) 
count (calculia) — is acquired later 
in life as a result of neurological 
damage caused, for example, by a 
stroke.
Is dyscalculia simply an 
indication of a general 
cognitive deficit? Definitely 
not! And it is not the same as the 
common experience of ‘being 
bad at math’. Many people may 
find trigonometry difficult, but 
dyscalculics cannot even solve 
simple problems such as 7+2 or 
5×3. To be classified as dyscalculic, 
the deficit must be specific to 
numerical abilities. Other factors 
such as education, intelligence, 
motivation, or other disorders, 
such as dyslexia or attentional 
problems, cannot explain the 
substantial underachievement 
on a standardised test relative to 
peers’ scores. People who suffer 
from dyscalculia can therefore 
be highly gifted and successful 
in fields that do not depend 
heavily on numerical abilities; for 
example, some have suggested 
that Hans Christian Andersen had 
dyscalculia. 
How common is this problem? 
There is a lack of consensus as to 
what the gold standard is and how 
to test and diagnose dyscalculia. 
Studies in different countries have 
adopted different criteria to define 
dyscalculia and yielded different 
results ranging from 3% to 11%. It 
is more commonly agreed that the 
prevalence in the western world is 
around 5%. 
So what exactly is the 
problem that characterises 
dyscalculia? It seems that 
dyscalculia is not unitary but 
includes several subtypes with 
different characteristics. For 
example, dyscalculia can include 
deficits in different abilities, 
such as automatic processing 
of numerical information, the 
efficiency of making associations 
between symbolic meaning 
and quantity — the figure ‘7’ 
and ‘sevenness’ — retrieving 
arithmetical facts, or executing 
efficient calculation procedures. 
For example, it is normal for 
six year old children to count 
with their fingers in order to 
solve arithmetical problems, but 
adopting the same strategy at 
the ten years of age is a sign of 
age- inadequate arithmetic skills. 
Are there clear neuroanatomical 
deficits that are associated with 
dyscalculia? Little is known about 
the specific brain mechanism(s) 
that underlie dyscalculia. It has 
been shown in multiple studies that 
the parietal lobe, and especially 
the intraparietal sulcus in both 
hemispheres, plays a dominant 
role in numerical processing. The 
intraparietal sulcus is the focus of 
current research on dyscalculia, 
but a handful of studies have 
yielded some what contradictory 
results; some have suggested that 
impairments in numerical abilities 
are coupled with abnormality 
in the left intraparietal sulcus, 
while others associated the right 
intraparietal sulcus functions with 
dyscalculic-like behaviour. The 
apparent contradiction might 
be attributed partly to the use of 
different criteria for diagnosing and 
recruiting the participants, therefore 
biasing towards different types of 
dyscalculia in each study. 
Is there any genetic 
predisposition to develop 
dyscalculia? Although the 
environment plays a role — poor 
teaching or environmental 
deprivation, for example — there is 
also strong evidence for a genetic 
basis. For example, if one twin has 
dyscalculia there is a 58% likelihood composition. Such tendencies 
can lead to systematic errors in 
tree reconstruction that, unlike 
stochastic errors, are not resolved 
by using bigger data sets.
Notable successes of 
phylogenomics? Resolution of 
long standing problems in land 
plant phylogeny, such as showing 
that monocots (e.g. grasses) are 
derived form within the dicots 
(other flowering plants); recognition 
that sea squirts are closer to the 
vertebrates than the more fish-like 
amphioxus; demonstration that 
the flatworm-like Xenoturbella 
is actually an independent 
deuterostome phylum alongside 
chordates, hemichordates and 
echinoderms.
And failures? The signal 
supporting the Ecdysozoa 
clade — nematodes grouped with 
arthropods rather than an early 
branch on the animal tree — was 
overwhelmed by systematic errors 
resulting from the rapid evolution 
of Caenorhabditis elegans. 
Discarding problematic data and 
adding more taxa solved this 
problem. Less satisfactorily, a 72 
gene dataset could not resolve the 
position of chaetognaths beyond 
confirming they are protostomes — 
phylogenomics is not invincible.
Not to be confused with... 
Philognomics: the love of 
aphorisms.
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